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American representative, unanimously awarded the first prize 
to Mr. Guilbert for the method which enabled him to predict 
with precision the displacements and variations of centers of 
high and low pressure over Europe. Depressions and high 
areas invisible on the weather map when interpreted by methods 
heretofore used, were predicted by Mr. Guilbert. The author 
claims to be able to forecast radical changes in the barometric 
situation, both as to the form and the movement of the cen- 
ters of high and low areas, for twenty-four hours in advance, 
with a precision far above that afforded by present methods. 
Heretofore the forecaster has to a very large extent assumed 
that a depression already discernible upon the weather map 
would follow a path already indicated by its previous move- 
ment, and that it would follow this path with but slight modi- 
fications in form or intensity. It was only in rare cases that 
a forecast of the forma-tion of a low or high area was attemptecl. 
According to the statements of Mr. Guilbert he is able by his 
method to foretell the inception and the dissoliction of storms. 

Guilbert’s new method is based upon what he terms the 
principle of the normal wind. The normal wind is defined as a 
wind whose force is directly proportional to the barometric 
gradient. Thus, on a scale of 0 t,o 9, a light wind (force 2 )  is 
normal for a gradient of 1 mm. per geographical degree of 
111 km.; a moderate wiud (force 4) is normal for a gradient of 
2 mm., etc. This scale is given more in detail in the following 
paragraphs. 

Guilbert’s rules have been summarized by M. Brunhes, the 
chairman of the jury of award, who has contributed a valuable 
theoretical discussion of the rules (sen Archives des Sciences 
Physiques et  Naturelles for July, 1906). 

According to M. Brunhes, the three rules announce11 by 
Guilbert may be summarized as follows: 

1. Every depression that gives birth to a wind stronger 
than the normal will fill up more or less rapidly. On the 
other hand, every depression that forms without giving rise to 
winds of corresponding force will deepen, and often clepres- 
sions that are apparently feeble mill be transformed into true 
storms. 

2. When a depression is surrounded by winds having vary- 
ing degrees of excess or deficiency, as compared with the 
normal wind, it moves toward the region of least resistances. 
These favorable areas are made up of regions in which the 
winds are relatively light, and especially of such as have 
divergent winds with respect to the center of the depression. 

3. The rise of pressure takes place along a direction normal 
to the wind that is relatively too high, and i t  proceeds from 
right to left; an excessive wind causes a rise of pressure on 
its left. 

The results attained by Mr. Cfuilhert in the international 
competition were so far superior to those of any of his com- 
petitors that his methods are worthy of the closest study. A 
translation is here given of the paper presented by the author 
in which his new method is worked out in detail. How far 
the successful forecasting of Mr. Guilbert in this competition 
was due to the principle aunouncecl and how much is to be 
attributed to the cumulative esperience of the forecnster 
remains to be demonstrated. The rules can be readily put to 
the test of experience, and the paper of Mr. Guilbert should 
receive the careful consideration of all who make weather 
forecasts. 

PRINCIPLES OF FORECASTING THE WEATHER, 
- 

By GABRIEL (:UILBERT, of C‘seu. 1)atv.d Liege, Hv!giiim, September 28, IYW. [Trauslnteal 
by 0. L. FHwg.1 

The method which we employ in forecasting the weather a t  
short range is based on the principle of the nortnal witid. 

The normal wind is that whose force is directly proportional 
to the barometric gradient. 

In the scale of winds from 0 to  9, a l ight wind (force 2 )  is 
normal for a gradient of 1 mu.  per geographic degree of 111 km. 

A atoderate wind (force 4) is normal for a gradient of 2 mm. 
A f resh  wind (force 6) is normal for a gradient of 3 mm. 
A high wind (force 8 )  is normal for a gradient of 4 min. 
In departing from these proportional coefficients, the winds 

are abnormal either by excess or  by dgficiency. Thus, 3 will be 
abnormal by excess for a gradient of 1 mm. per degree; in like 
manner 5, 7, and 9, for gradients of 2, 3, and 4 mm., respec- 
tively: 

Inversely a calm (0) will be abnornial by dpjciency for a 
gradient of 1 mm.; similarly 3, 5, and 7, for gradients of 2, 3, 
and 4 mm., respectively. 

We have cited anomalies of but small importance, but it is 
not rare in observations to find 7 with a gradient of 3 mm., 9 
with 3 mm., and, inversely, 3 or 4 with a gradient of 3 mm. 

As a result of this scale and this principle, high winds and 
even gales can be abnomal h~ d<ticie)wy, that is to say, rela- 
tively too light for the gradient considered; and, inversely, 
light or ir~oderate winds may be ab)iornial by wcess in consider- 
ing the gradient referred to. 

Of course, these coefficients of mind force are a t  present de- 
pendent upon the estimation of observers, and science will 
some day require anemometric nleasures; but, in the meantime, 
the approximate estimate of this 1-elocity of the air a t  the s11r- 
face of the earth, oiid at the surfaw only, is sufficient for making 
a forecast twenty-foir t*  hours i i i  n d ~ w e  of variations of pressure, 
whether rising or falling. 

We maint,ain that no depression can subsist unless there be 
as complete equilibrium as possible between the force of the 
wind which it causes and the gradient which it forms. 

To produce this equililwium the force of tlie wind must be 
proportional to the gradient; there is then equality between 
tlie cetitrilwtal an11 w t i t r f u p l  forces which are in constant 
struggle in every barometric depression. The gradient rep- 
resents the centrifugal force, the wind the centripetal force. 
If at  any point of a cyclone one o f  the forces predominates, 
there is a cliauge in the form of the cyclonic whirl. 

This change will take place in the direction of extension if 
the centrifugal force represented by the gradient is greater 
than the relatively feeble force of the wind. If, on the con- 
trary, i t  is the centripetal force, represented by the velocity of 
the wind, which is the stronger, the wliirl will undergo a 1%- 

d~tc~ ion  inore or less noticeable. 
Consequently, in application, with a wind a h i o m a l  by  excess, 

there mill be a riw i t i  pressure, generally propnrlio~ial to the ex- 
cess of the wind observed. 

Inversely, with a wind ahiornial by r l q k i m c y ,  there mill be a 
f a l l  i n  prtwto*e directly proportional to the importauce of the 
observecl anomaly. 

With a w m a l  wind the variations in pressure will be nzl or 
slight. 

It follows from this law and these observations that the 
wind is in reality the eneniy of the &pressio)i; that it is cen- 
tripetal, in coj!t(icl with the centrifugal force represented by 
the gradient; that it has the power to fill up cyclonic storms 
and cause them to disappear. 

Hence, every depression which gives rise to winds above 
the noriiial in force will fill itself up more or less rapidly, in 
whole or in part. 

Depressions arriving from the ocean, which give rise to too 
high minds. can not advance, but remain stationary, or may 
even be foroecl back toward their place of origin. 

Every depression which is completely surrounded by winds, 
chnorrnd hy ercess, will be filled up in plnce within twenty-four 
hours, often even in twelve hours: this is the phenomenon 
which me designate under the name of coniPREssIoN OF THE 

On the contrary, every depression, which gives rise to a 
marked fall in pressure, without causing minds of correspond- 

CYCLONE. 
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ing force, will deepen, and in consequence apparently feeble 
depressions are often transformed into true storms. 

But the problem is not only to predict whether a depres- 
sion will fill up or deepen; nor is it sdicient  to indicate the 
extent to within a few millimeters of the variations of pressure 
in cyclones; it is also necessary, in order to make a more or  
less perfect forecast of the weather, to establish the velocity 
and the path of the center of the dqression-things which no 
method of forecasting has, up to the present time, enabled u s  
to determine. 

The principle which guides US in this estimate-and which 
is only a consequence of the first-is thus esprest : The deprrs- 
sion moves toward the region of least resistance. 

These favorable areas will evidently be made up of zones 
where the winds are proportionally too light for the gradient, 
and, above all, of regions where the winds are dzuergeiit with 
reference to the center of the depression considered. 

Hence, every barometric low which is prest on one side by 
winds abnormal by excess will move toward the region of least 
resistance; whether this region be to the north, to the south, 
to the east, even to the west of the center; and often uihateaer 
may he the distance f r o m  the center to this region. This is the es- 
planation of the apparently capricious directions followed by 
certain tempests; and i t  is, a t  the same time, the basis for 
predicting the translation, sometimes to prodigious distances, 
of the centers of storms. 

To summarize, in the principle of the norvial wind we have a 
safe and rational basis, not only for predicting barometric 
variations, but for determining whether a depression will or 
will not assume importance; whether it will fill up or  deepen; 
whether it will retrograde or advance rapidly along a path 
more or less regular. We can, in addition, establish with 
sufficient approximation, the region which ought to be covered 
by the center of the depression on the following day; hence 
these three problems of the extent, the direction, and the uelnrify 
of the motion of storms are completely solved. 

It is of importance to establish the re- 
gions where the rise and fall of pressure will attain their 
maximum intensity. These maximum variations do not always 
correspond to the maximum and minimum pressures. It is in 
the region of least resistnnce-or where the winds are simply 
l i g h t t h a t  we. locate these oscillations (maximum rise or 
fall). But we wish to be still more precise and even indicate 
the stations which will record, on the following day, the mas- 
imum rise and fall within the twenty-four hours. 

This problem, the most interesting of all perhaps, is solved by 
the aid of this hypothesis: The air,ffotra in a direction perpen- 
dicular and to the right of the wind which i s  proportionally too strong. 
Therefore the maximum rise or fall takes place i n  a straight 
line in this direction [i. e., perpendicular to the escessive wind]. 
Consequently, i f  the converging winds bring the air, or at lsast 
the pressure, straight toward the center, along the gradied, nor- 
mal to the isobars, and tend to fill up the center-just as i f  
the cyclonic system were stationary and independent of the 
rotation of the earth-then the diverging winds operate in an 
opposite direction. Instead of concentrating the pressure they 
produce a dispersion, that is to say, a void, and this void is  
a re-pression. We approach here very closely the cause of the 
origin of cyclones. Moreover, the application of our princj- 
ples and of our hypothesis to the examination of anticyclones 
enables. us to forecast their formation and their dissipatioii. 

As the movement of cyclones and of anticyclones determines 
in general the force and the direction of winds and nearly all 
the phenomena of heat or cold, of rain or fine weather, of 
cloudiness or humidity, the principle of the normal wind, with 
its natural consequences, crentes, in the literal sense of the 
word, a new method of forecasting the weather. 

It is immediately applicable to the synoptic charts, such as 

This is not sufficient. 

those of the Central Meteorological Bureau of France, without 
introducing any modification. 

Certain progress will be the consequence of this applica- 
tion, as our principles are applicable a t  all times of the year, 
and the rare errors that occur in practise are due, not to the 
principles, but to the inexperience of the interpreter, or to 
the dificulties which result from the simultaneous occurrence 
of several depressions, or to the sudden arrival of storms from 
the ocean. 

Cloucls, or the x u w s s i o n  of clouds, as we demonstrated in 
1866, announce the approach of these oceanic depressions. 
Once upon the continent, they can be followed by our method. 
The art of weather forecasting, empirical up to the present 
time, without strict rules, and based upon an incommunicable 
personal experience, will then become scientifically established. 

OBSERVATIONS OF HALOS AT COLUMBIA, MO. 
Ry (;-W~RO.P- I:Fi-nI I(, Section IBireutor. Ilated l’ulumbia. hfo., M a y  21. 1907. 

My observations of halos a t  Columbia, Mo., have been care- 
fully made and recorded, and I have found that halos are a very 
good guide in predicting weather changes, especially the 22- 
degree circles. I have noted that when the %degree circle 
is observed precipitation usually occurs within twelve to eight- 
een hours, the storm center crossing the meridian near the 
poini of observation. In  such cases the upper clouds undergo 
rapid changes, becoming thick and matted as they change 
from cirro-stratus to alto-stratus. When the 45-degree circle 
is observed the storm center is usually from 600 to 1000 miles 
or more away ancl precedes precipitation, if any, by twenty- 
four to thirty-six honrs. I have known the 45-degree circle 
to continue for three hours or more, with colors well defined, 
the cirro-stratus clouds beirg apparently of the most delicate 
texture and changing their form slowly. If the center of clis- 
turbance is directly west of the point of observation, or nearly 
SO,  the 46-degree circle may lie taken as a very sure sign that 
precipitation will occur within the succeeding thirty-sis hours 
a t  this station; but it frequently happens that tho storm cen- 
ter crosses the meridian far to the south, and then precipita- 
tion does not occur a t  the point of obbervation. Well-defined 
4.5-degree circles have been observed around the sun at this 
station when a West Inclian,hurricane was inimediately off or 
near the east Gulf or South Atlantic States, but of course in 
such cases no  precipitation occurred at  the point of observa- 
tion. A very brilliant solar halo on September 27, 1906, was 
the first indication that a Gulf storm was moving northward, 
entering the mainland near the mouth of the Mississippi River. 
The storm moved up the valley quite rapidly, and rain mas 
falling over the greater part of Missouri just twelre hours 
after the halo was observed. 

The following are the dates upon which halos were observed 
during the years 1905 ancl 1906. February, 1905, was abnor- 
mally cold and solar halos were unusually numerous: 

January 5, 1905. 10 a. m., solar halo, 22O, bright for one 
hour. Snow on the 6th. 

January 8, 1905, 9 a. m., solar halo, 22’, bright and well 
defined until 0:30 a. m., clisappearecl at 10 a. m. Snow began 
falling at  7:45 p. m. same day, continuing into the night. 

January 14, 1005, 2:35 p. m., solar halo, 23’, not well de- 
fined, very faint in its lower half. Cold and clear on the 15th. 

January 28,1005,12 noon, solar halo, 2P0, well defined; con- 
tinued until 2:30 p. m. 

February 1, 1905, 4 p. in., solar halo, -iso, brilliant. Cloudy 
and cold on the 2d; snow on the 3d. 

February 7, 1905, 1 p. in., solar halo, 2 2 O ,  well defined, last- 
ing one hour. Snow began falling soon after 12 midnight and 
continued during the 8th. 

February 10, 1905, 10 a. m., solar halo, 2 2 O ,  esceptionally 
well defined, continuing until 12 noon; clouds changing from 

Snow on the 29th. 

_ ._  


